Background and Purpose-Information on essential stroke parameters are lacking in India. This population-based study on stroke disorder was undertaken in the city of Kolkata, India, to determine the subtypes, prevalence, incidence, and case fatality rates of stroke. 
S tudies on stroke epidemiology about incidence, prevalence, and case fatality have mostly been conducted among the developed nations. However, the future burden of stroke is likely to increase in the developing countries because of increasing prevalence of hypertension, fastchanging lifestyles, and population restructuring 1 .
In India, during the past decade, the crude prevalence rates of stroke [2] [3] [4] [5] were between 136 and 220 per 100 000. In some studies, the age-standardized prevalence rates varied between 250 and 350 per 100 000, except one study from the Parsi population whose demographic profile was distinct from that of the national mainstream. 6 Low prevalence rate of the stroke survivors as compared with whites and Asians could be caused by either low incidence rate or high case fatality rate. 1 Over the past few decades, demographic shift caused by increasing life expectancy resulted in a burgeoning aging population in India. The previous urban community-based studies had documented an age adjusted incidence rate of stroke from 13 in 1970 to 105 per 100 000 persons per year in 2001. 4, 7 A recent study has shown increasing prevalence of hypertension particularly among the urban subjects. 8 Thus an increasing incidence of stroke caused by the combined challenges of demographic shift and increasing exposure to risk factor is expected. The previous community-based surveys from India were cross-sectional studies and deficient on information about important stroke parameters.
Hence, in the present study, we planned to determine the subtypes, prevalence, incidence, and case fatality rates of stroke in the city of Kolkata. This is intended to be the most comprehensive population-based survey of stroke in the country to date.
Materials and Methods
This was a longitudinal population-based descriptive study on stroke. Kolkata (erstwhile Calcutta) is the largest city in eastern India, with an area of 185 km 2 and 4.85 million inhabitants. It is under the jurisdiction of Kolkata Municipal Corporation, our survey area. We utilized the method of stratified random sampling. The area is divided into 5200 blocks, demarcated by the National Sample Survey Organization under the Government of India; hence, complete data for each block including geographical locations, boundaries, types of housing, and slum areas therein are available. Based on this information, the city was divided into six strata (strata I, slum area; strata II to VI, nonslum areas). From each stratum, nearly equal numbers of blocks were selected using the table of statistical random numbers. From each block, 50% of the households were surveyed by visiting the alternate houses. Thus a total of 166 blocks were covered which enabled screening of 52 377 subjects.
The survey team was composed of four field workers headed by a neurologist. This study was conducted twice every year for 2 consecutive years from March 1, 2003 through February 28, 2005, for a total of 4 assessments over the study period with the same screening questionnaire. In the first stage, field workers performed door-to-door survey with the help of a general screening questionnaire published earlier, 4 which consisted of 3 parts: part I, the demographic details; part II, the screening questionnaires; and part III, detail about onset, number of attack, side affected, associated systemic disease and risk factors, past, family and personal history, with a schema of examination and recording of the investigative findings such as CT scan, if available. 4, 5 In the second stage, neurologists clinically examined the screened positive cases at their residences and recorded the clinical details. Barthel index was applied to evaluate their disability status. The index cases and their next of kin were sources of information and the old medical reports including cerebral CT plates under their personal possession, if available, were carefully reviewed. Customarily, patients had to pay for the CT scan. The cases with diagnostic dilemma (Ͻ1% of total) were personally examined by senior neurologists (S.K.D., T.K.B.) in the field.
The field workers also collected information on death caused by stroke: dates of stroke onset and that of death were noted. Later the neurologist visited each of those families and obtained eyewitness accounts of the clinical events and reviewed the relevant clinical records including the death certificates if available. Death certificates were available in less than one-tenth of the cases either because of lack of preservation and misplacement by the family members or deficient in information on the type of stroke. Neurologist also kept a note of the false-negative cases from randomly chosen 10% of the screened negative subjects in all the blocks and these cases were used in the calculation of the weighted prevalence rate of stroke on the whole sample population (vide "statistical analysis").
Quality Control
Initially, a pilot survey of stroke was conducted on 3041 community subjects. All the screened positive and negative participants were reevaluated by the neurologist, and specificity and sensitivity of the screening instrument was determined as described earlier. 4 The screening instrument was found to have a sensitivity of 83.3% and specificity of 99.9%. The institute's ethics committee approved the project.
Operational Definitions
Stroke was defined as rapidly developing clinical sign of focal (or global) disturbance of cerebral function, with symptoms lasting 24 hours or more or leading to death, with no apparent cause other than vascular origin. 9 Cases of transient ischemic attacks were excluded.
Prevalence rate (PR) computed in this study was the period prevalence rate of stroke survivors in the first 12 month period of the survey. First-ever strokes were defined as clinical strokes that occurred in patients without any prior stroke event.
Average annual incidence rate (AIR) indicated the rate of occurrence of first-ever-in-a-lifetime stroke per 100 000 persons per year.
It included the new cases between March 2003 and February 2005.
To assess 30-day case fatality rate, death that occurred within 30 days from onset of incident stroke within the study period was noted.
Cerebral infarction was defined as an area of low attenuation or a normal appearance in the vascular territory on CT scan that corresponded to the recent symptoms and signs when performed within 1 month.
Intracerebral hemorrhage (ICH) was defined as an area of hyperdensity within the brain parenchyma on CT scan with or without extension into ventricles or subarachnoid space or, for scans performed beyond 1 week, an area of attenuation with ring enhancement after contrast injection.
Statistical Analysis
To compare the data of the prevalence and incidence rates with that of the other nations, direct age standardization was undertaken to world standard population, 10 European population, 10 and USA 2000 population (US census Bureau). The 95% CI of the prevalence, incidence, and case fatality rates of stroke were calculated assuming a Poisson distribution for the observed cases. Prevalence was expressed as cases per 100 000 persons. Annual incidence rate was expressed as cases per 100 000 persons per year. Weighted prevalence rate was derived from the formula: (Nϩ10 n)/X, where Nϭnumber of cases in primary survey, nϭnumber of false-negative cases detected on resurvey of 10% of the negative samples, and X represents number of sample population. The 2 test was applied to find out any difference about various demographic parameters of the slum and nonslum dwellers.
Results
A total of 52 377 subjects (27 626 men, 24 751 women) living in 11 734 households was screened. However, 1.61% households could not be interviewed because of either refusal or unavailability, despite repeated attempts. The overall literacy rate was 81%. The average family size was 4.46 persons. The age and gender distribution of the sample population matched with that of Kolkata population (census India, 2001). Table 1 shows proportionally higher education and income group in the nonslum population than slum population, but the slum dwellers have higher prevalence, and incidence rates of stroke with lower case fatality rates, although not statistically significant. The age and sex distribution of screened population along with the age and sex specific prevalence and the average annual incidence rates are shown in Table 2 .
PR
A total of 247 persons (men 137, women 110) were found to have had stroke on primary survey. Overall crude and sex specific PR (per 100 000 with 95% CI) are 471.58 (414.99 to 533.83), 495.91 (415.06 to 586.15) among men, and 444.43 (364.43 to 535.98) among women. When age standardized to world standard population, overall PR is 545.10 (479.68 to 617.05). The age-specific PR for both the genders are tabulated based on their age during survey and showed progressive increase in prevalence with advancement of age up to the eighth decade followed by decline (Table 2 ). An additional 8 cases of stroke were found during re-screening process of 10% of the negative sample from all blocks; based on that data, weighted PR is estimated as 624.32 (n, 327; 95% CI, 555.64 to 699.24). Evidence of hypertension (Ն140/90 mm Hg) is present in 79% of affected subjects. Out of the total cases, 15% persons had recurrent stroke. Twenty cases (8.8%) had their first ever stroke onset before age 40 years. One hundred forty-five (57%) stroke survivors are living independently in the community, whereas 40 (15.7%) are fully dependant on their caregivers for existence.
AIR
The AIR (per 100 000 persons per year with 95% CI) over a 2-year period is 123. 15 
Case Fatality Rate
A total of 53 subjects (men, 21; women, 32) died within 30 days. Thus, the 30-day case fatality rate was 41.08% (95% CI, 
Stroke Subtypes
Because several cases had Ͼ1 stroke event, total number of stroke events among sampled stroke survivors was 323 (217 patients had a single attack and 38 cases had Ն2 attacks). A total of 69% subjects had CT scan report and only 51.4% had performed it within 1 month. Based on CT scan, cerebral infarction was present in 108 and ICH was present in 58 episodes. Ratio of infarction: hemorrhage was 1.86. In ICH, basal ganglia-thalamic region was the most common site (75%), followed by lobar (12.5%), cerebellar (5%), brain stem (5%), and primary intraventricular region (2.5%). In infarction, the most common lesions (75.6%) were subcortical 11 followed by cortex (19.8%), brain stem (2.3%), and cerebellum (2.3%).
Discussion
The ideal criteria for conducting a good epidemiological stroke study were followed. 12 Compared with the earlier population based studies on stroke from India, 2-6 the present study shows a much higher prevalence rate of stroke, except that of Parsi population, which documented a very high rate (crude prevalence rate, 842.3/100 000), although the US standardized rate declined to 424/100 000 because of the predominantly aged subjects 6 .
The weighted PR calculated in this study shows higher value than crude PR because of inclusion of the falsenegative cases from resurvey of 10% of the negative sample. If the screened negative cases are not assessed (wrongly assuming screen to be perfectly sensitive), prevalence would have been an underestimate. Considering the high specificity of screening instrument, difference in the rates could be caused by failure of reporting the stroke cases to the nonprofessional interviewers by the family members because of either unawareness about manifestation of stroke or concealment of information for privacy, and they might feel comfortable in divulging information only to the visiting doctor.
The prevalence and average annual incidence rates are age standardized to world standard population to compare with the data of different countries. The age-standardized rates become higher because composition of our population has greater proportion of younger subjects. Age-standardized PR in this study is similar to or higher than those observed in many Western countries, 1 even a developed nation in Asia. 13 The standardized AIR (per 100 000 persons per year) to world standard population in this study is higher than that observed in USA (107, 14 European countries (61 to 111), [15] [16] [17] [18] and Australia (99), 19 although the designs of these studies are not all uniform. The average annual incidence rate in this study is similar to those reported from one of the cities of China (150), 20 a developing country. Higher age-specific incidence of stroke, with disproportionately more among women, matches with the higher prevalence of hypertension among women in advanced ages. 8 The overall 30-day case fatality rate in our survey is 41.08% (95% CI, 30.66 to 53.80), which is much higher than that observed in the developed nations (17% to 33%). 14 -17,19 Blacks in the Manhattan stroke study (38%) 21 and the inhabitants of Tbilisi in Georgia (35.7%) 18 reported similarly high stroke case fatality. Such high case fatality in our study might be related to the lack of the proper medical care. Higher 30-day case fatality rate of stroke among the women may be related to the poor attention paid to the women's health and delay in initiating treatment. 22 The reason for stratum-based differences in stroke prevalence, incidence, and case fatality rates is difficult to explain, considering the small sample size (Table 1) . Although the slum dwellers have lower educational and income status, differences in various stroke parameters are not statistically significant, indicating exposure to common risk factors such as hypertension. 8 The small proportion of young stroke in this study is similar to the non-Indian studies. 23 Previous hospital-based studies from India documenting a high proportion of young strokes, ranging between 15% and 30%, were biased because of a preferential admission policy. 22 Availability of the reports of cerebral CT scan was useful in 51.4% of the stroke events, because it was performed within 4 weeks. Although the subtyping of the stroke cases based on available imaging showed a higher proportion of ICH, the definite conclusion could not be drawn because the number of cases with neuroimaging were inadequate; however, a report from the same city 4 and a Chinese study had documented a high proportion of ICH. 20 The present study shows higher prevalence rate of stroke compared with the previous Indian studies. This may be because of a combined effect of greater proportion of elderly population and increasing prevalence of hypertension. 4, 8, 24 The majority of the stroke patients in our community were either ignorant of their hypertension or poorly compliant to antihypertensive medications. 8 There were only a few studies in India that determined stroke incidence rate. 4, 7, 24 However, those data of AIR were underestimates because incident cases that died of stroke before assessment were not considered. Therefore, it is difficult to comment on the trend of stroke disorder in India. To our knowledge, this is the first study that determined comprehensively the incidence and case fatality rates of stroke disorder in India, a fast-developing country.
This study, however, has certain limitations. The accuracy of data about age of the elderly population is questionable because there was no way to verify from birth certificates. Screening by nonprofessional workers has limitation because of missed cases. This is partly overcome by estimating the weighted prevalence rate as explained in the analysis section. Data on stroke death before assessment were entirely taken from the caregivers or family members, and because the imaging reports were not available in the majority, accurate subtyping of the death cases could not be performed. Lower case fatality rates among the slum dwellers indicate possible lack of proper reporting of the death cases.
Conclusion
This present study has shown that the prevalence and incidence rates of stroke disorder in India are similar to or higher than many other countries. There is probably a high propor-tion of ICH and 30-day case fatality rate is substantial. Previous experience showed that the effective treatment of hypertension and the improvement of socioeconomic parameters had decreased the incidence of stroke and its mortality. 25 Higher case fatality rate also indicates urgent need of updating of existing acute stroke care facility in India as well as public awareness about the availability of existing resources for optimum therapeutic benefit. Our study also emphasizes the need for the analysis of risk factors and undertaking necessary measures to meet future challenge of the stroke disorder in this country.
